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MICROGRAVITY ENVIRONMENTS
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A__bbstract

Microgra_,ity experiments on flame spread over

thermally thick fuels were conducted using foam fuels
to t)htain low density and thermal conductivity, and

thus large spread rate (SO compared to dense fuels such

as PMMA. This scheme enabled meaningful results to

13cobtained even in 2,2 second drop tower experiments.
It was found that, in contrast conventional

understanding; steady spread can occur over thick fuels

in quiescent microgravity environments, especially
when a radiatively active diluent gas such as CO,, is

employed. This is proposed to be due to radiative
transfer from the flame to the fuel surface, Additionally,

the transition from thermally thick to thermally thin

behavior with decreasing bed thickness is
demonstrated.

Introduction

It is well known k-'-_'45 that convection influences

flarne spread over solid fuel beds in numerous ways.
Flame spread is typically classified as opposed-flow,

where the direction of flame propagation is opposite
that of the convective flow past the flame front, or

concurrent-flow, where convection and spread are in
the same direction. Downward flame spread at earth

gravity (lg) is characterized by opposed flow since the
upward buoyant flow is opposite the direction of flame

spread, whereas upward flame spread is characterized
as concurrent flow. At microgravity (lag) conditions,

x_here buoyant convection is negligible, flame spread
will necessarily he of the opposed-flow variety unless a

forced flow is imposed, because the flame spreads
toward the fresh atmosphere with a self-induced

convection velocity equal to the spread rate (St). At lg
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self induced convection can .justifiably be ignored since

buoyancy-induced Ilows are of the order of tens of
cmlscc, _hich is much higher than S,, however, at pg

serf-induced convection oh,,iously cannot be neglected.

As described by Williarns 2, the basic approach to

modeling S,. is by equating the heat tlux per unit area
from the gas phase to the fuel surface (q} to the rate of

increase in the enthalpy of the solid fuel, leading to

S, p C,.,IT, T )r,
(I).

where p, C0, T and "t are the density, constant pressure

specific heat, temperature, fuel bed thickness and the
subscripts s, g, v and ",: refer to the solid fuel. gas-

phase, vaporization condition and ambient condition,

respectively. 8_ is the length of the zone over which
heat is transferred fforn the gas to the fuel surface: for

opposed-flow flame spread ta_ is proportional to the

convection-diffusion zone thickness I _JU where %

XJp_Cp._ is the thermal diffusivity, L the thermal
conductivity and U the opposed flow velocity.

For the simplest case of /lame spread over a
thermally-thin fuel bed (in which there is no
temperature gradient and thus no conduction within the

fuel bed), heat transfer is purely by gas-phase

conduction to the fuel bed and thus q _ L,,(Te - T_)/8_,

where Tf is the flame temperature given by 1"6

(Q,-L,.)/C,,._, +(T,.-T.,)
T I = +T,;

I+S

v,,_ M,,_
S _ (2),

Y,..... v_i,M t_,

where Y is the mass fraction, M the molecular weight,
v the stoichiometric coefficient, S the stoichiometrie

oxidant-to-fuel mass ratio, and the subscripts fu and ox
refer to solid fuel vapors, and oxidant, respectively.
This leads to

,,t It-/'
Sj = A-- (3),

p,Cp..,r. T- L
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.,M,_': : \ _, t .;,lY, l,llll lCl{l', h+ulld .ill lppl't'l',tlllldt¢

,,Itilt,+il h+r ._.hi,.h \ = ,] .itid Oehch;itSlOS li)und the

..,;,iv.'." ..,dulu+n \, = _<., I 'qOl¢ Ill;it -:,lead,, spread is

--,,..,dH,.: .:,.ca .it :'z I,ccau,,e this ideal S, is independent

t i Ti,_, ,,hc,.::lu-,e .li[h,_u.z,n the lcn'z,th ,ffthe preheat
,i .

_!_.' 'OLD, _11C it.it! ,I.ll't;.iCC .lro:.l 7\p{_sed n} the flame} _s

-,,, p, rrhql,il hl ,5, lrld :hu4 :ncr_ases ,',ilk decreasln,.z (.'.

::m ";lllpcralurc 7radicnt hct'._,ccn the tlarno ,rod the fu¢l

:r: ,c,: :4 .tl.4{) pr,)porlumal t_) c5. thus the heat llux per
,nt[ flea,q, decreases hv the 4ame amount, leadin<, to
:,,nut .ilan_e in :he t_)ufl he:it flux to the fuel bed.

F,_r thermally thin fuels, z_ is the fuel bed half-
•hickncss, whereas for thermally thick lef'fectively

•oral-infinite} fuels, ,.,,,hereheat conduction through the

,olid fuel is important. e, is the depth of thermal

penetration into the mlid fuel t'c.p), which can be
..'stimated by equating q to the heat flux within the solid

:uel = Z,:[{T_-T,#'_r, I, where the subscript y refers to
:l_e direction normal to the fuel surface:

Z (,T, -7".) q:6.,
_" i' =:_ S I =

q p,C,,,,a.<(r,-r.)'-
(4).

This result is identical to that determined by Tarifa
and Torralbo _ and doris t for a prescribed externally-

imposed radiative source, so the present approach is
considered valid. If heat transfer to the fuel bed occurs

via conduction and thus q = kdTr - T,)/8_ as for thin
fuels, the "exact" solution for S, over thick fuels I is
obtained:

,t,,a (T- T j

2iT. -T)
=S. =ua:P:C"'(.T'zTI:. x,p,c.,,tr._r

(5).

The transition from thermally thin to thermally-

thick behavior occurs '>,hen q z %. Note then that a
,::yen material may behave as thermally thin or

thermally-thick depending on 5, and thus U.
Equation 5 sho',,,s :hat ,'or thick fuels. Sf - U and

:bus -;uggests that S. is indeterminate at ug unless a

:,,r,:ed flow :s applied. The ,:on,.entionai ',ie'a,"*. is "hat

i:,r quiescent .ag conditions S,- must be unsteady and
decreasing until extmcaon occurs due to radiative
'.esses. An anal.,,sis _ based on unsteady heat. conduction

:o the fuel bed predicts :hat the thermal penetration
depth ", - _t): " which results in S_ - tt'''. where t is

the time lapse from ignition. Indeed, this scaling
indicates that in a sense all fuel beds are thermally thin
at lag. because Sf will always decrease over time and

thus ":.pwill increase until it reaches _. Computations

Hid p,icc cq_c'ulncnt, '>. '_llCi;ktr,;l_ ,ind

c_fllah, ir tlt_r-, ' ,,i ;tlpp_ )rt ihc<c .l, ,Cl-i I, ql 4

l,,-1 !Ill'.; .t,c_rk '._,e ,ll,l,,'+ th.il rJ'tl, ill,li,lltl',, h_ ,_hlain

4eddy :proud _p,cr :hick ,_,1i,1 :,i:..'l ]"oJ', I1 I tulcscent

u'Z .;n','lrnnlTlent ;l_l h,n'.zcr :!'['_1,2':. .'.ilCR ','teat is

:r;lnsptiricd lr_m the ',lame '.,_the ',:el :'cd hv r:ldiatlon
_1 tddilltlrl 'el ,;r :nstead :t ,:_,nducti, m. While
.ktt_:n,,,lr..,1 .rod .:_ilah)rat,_r4 :L ' : ,lid ronstder

radiati',e h_ss from the flame. :.he'. ,lid .q,,t ,mn,uder that
[he radiative transier from '<he _l.unc to the luel bed

.'ouid increase the instantaneous S, ,,r lead _o _tead_
-;proud. We derive a ._emi-quanutat:,.e prediction for S¢

that is used to moti,,ate ug experiments. ,*hlch in turn
demonstrate the validity of the proposed mechanisms of

Ilame spread with flame radiation. Additionally. the

transition from thermally thick to thermally-thin
behavior is demonstrated as the fuel bed thickness is

decreased, in a manner consistent with the proposed
mechanisms.

As evidence el the importance of radiative transfer
from the flame front to the fuel bed, we consult our

prior thin-fuel experiments :_ on the effects of diluent

type (which affects the radiative properties of the

atmosphere) on St. Experiments in radiatively inert N,_,
He or Ar diIuents showed the conventional behavior

where Sf is lower and the minimum flammable Oz

concentration is higher at lag because U is lower, thus 5

and radiative loss are higher. In contrast, for radiatively

active CO,. and SF_ diluents, the opposite behavior is
observed. This wasattributed to (1) the increased
radiative emission from CO-_ or SF6, which increases

the net heat flux to the fuel bed and t2) reabsorption of
this radiation, which reduces the radiative heat loss.

(Diluent type also affects the Lewis numbers of the

atmosphere but these effects were shown to be of lesser
importance.)

..-kpproximate analysis of llame spread over thick fuels
with radiative transfer

In this section ,.re present an approximate model of
how flame-generated radiation transmitted to :he fuel

surface could affect spread rates ,or thick fuel beds.
When radiative heat :ranst'er :o r.he fuel bed is

significant. S, as gl'.en b? Eqs. ; and 4 are still ,,alid.
but Eqs. 2 and 5 must be mo.lifi.ed. For :lame-generated

radiation, q, is ,:oupied :o :he spread process itself, and

depends strongly on '.he spectral properties of the gas.
As a first estimate. :n :his analbsis we consider optically

thin radiation. '.,,here no reabsorption occurs and the
spectral properties can be lumped into a single

parameter.
For our estimate of S¢ over thick fuel beds. the

flame front is assumed to be an isothermal volume of

optically-thin radiating gas at temperature T¢ with

dimension 8_ in both the directions parallel to and

,,)
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perpendicular to the fuel bed. We nlake this choice
bccause l_r optically-thin radiation, there is no length
:,talc lor radiation and thus the thermal thickness of the

tlame lnmt conditions is still dctcrrnincd by the

corwective-diffusive zone thickness 8_ _ ctJU = c,tJS_.
The heat flux per unit area to the fucl surface due to

radiation can then bc estimated as A&,, where A =
4O'ap(T, ? - T,,4) is the radiant heat emission rate per unit

vc,lunle, o is the Stefa,l-Boltzman constant and aj, is the

Planck mean absorption coefficient. The combined

elfccts of gas-phase radiation and thermal conduction is

then given by q = AS_ + X,.(T,- - T,.)/8,_. Combining this

with 8_ = ct..JS,- and Eqs. 4 lead to (assurning unit fuel
bed enlissivity):

s, = (1,-T
(6).

This result yields a number of interesting

predictions, the most important of which are that

without gas-phase radiation, no steady spread is
possible (St-= 0) and with gas-phase radiation, Sf ~ A t''.

Thus. increasing gas-phase radiation should increase Sf.
Of course, the heat loss rate also increases, but the ratio

of heat loss to heat generation ",.viii remain roughly
constant. Equation 6 also shows that pressure effects

are important and could increase or decrease Sf since A

P and % - p4.

Equation 6 is only valid when the denominator is
positive, i.e., when the thick fuel flame spread

parameter r-- (pgCp._XJp,Cp.,XO((T,-T_)/(T_-T,)) z < 1,
",vhich is virtually always the case - though for very low

density fuels, its value is close to unity. Equation 6
shows that in a given atmosphere S_-can be much higher

fo.r fuels with low p,Cp.,;L_. This leads us to propose the

use of polymeric learns with low p, and Xs to study

thick-fuel flame spread in short-duration drop tower
tests as precursors to space experiments using more

quantifiable fuels with larger 9,),.s, e.g. PMMA.
A factor not considered in this discussion is that

radiative transfer to the fuel bed will also increase Tf, as
analyzed by deRis _, though using representative values

of the thermodynamic and transport parameters the

predicted effect is not strong enough to affect the above
conclusions. It does, however, make the impact of

radiative transport slightly stronger than that shown
here.

Experi me.real ap_paratus

In order to test for the proposed possibility of
steady flame spread over thermally-thick fuels in

quiescent lag environments, a set of IJg experiments was

conducted in Ihe NASA Glenn 2.2 second drop tower

facility, and comparivn_ lc..,ts were performed in the

same apparatus; with tile safne lest c_m,.liti_ms at earth

gravity.

The experiments wcrc pcrfc_rmed in nur Ilame
spread apparatus (Fig. 1; that h_t,, been described
previously. _1 so {mty a brief description is given here,

emphasizing the changes made for this study. A 20
liter chamber is filled v.,ith the desired atmosphere by a

computer-controlled partial pressure gas mixing systern.
This charnbcr is rated for working pressures from

vacuum up to 10 aim. The fuel samples are typically 10
cm wide an,._[ 11.5 cm long and are held between

aluminum quenching plates un both sides in order to
inhibit edge-burning efl_'cts. Before each test, a fan

inside the vessel is operated to ensure mixing of the

components of the atmosphere. After allowing time tot
settling ,c_l"convection currents, the samples are ignited

by a 30 gage Kanthal ,.virc to v,hich 28 VDC is applied.
This ,.','ire is imbedded in a nitr_,ccilulose membrane

that is glued onto the fucl _._rlace. For most cases, the
samples can be ignited at lg then dropped at an

appropriate time so that the lag portion of the test would
be within the field of view of the cameras, however,

some CO2-diluted atmospheres at low Oa

concentrations support flame spread only at lag, hence
in these cases the samples must be ignited at lag. The
igniter is controlled and the radiometer data (described

below) are collected by a microcontroller-based data

acquisition and control system.

The flame-spread process is imaged using two
CCD cameras ',.,.'hose signals are connected via fiber-
optic cables to ground-based S-VHS video recorders•

The video records provide information on the spread
rate and flame shape. One carnera is positioned with its

viewing axis in the plane of the fuel sample so that it

images the flame front. Another CCD camera is located
with its viev,,ing axis o,thogonal to the plane of the fuel
sample so that it could image laser shearing
interferograms of the flames ffo1Yl a side view. In the

laser shearing mtcrterometer,- the laser beam was
expanded and passed through the test section, then

reflected off the fl'ont and rear surfaces of a shearing
plate (an optical-quality glass flat with parallel faces).

By adjusting the beam expander so that the beam is

slightly convergent or divergent, an interferogram is
obtained. The fringe displacement in the shearing
interferogram is proportional to the density gradient

rather than density difference between the test image
and a reference image as in conventional
interferometry. The interferogram ,.',,'as projected on a

ground glass screen and recorded via the CCD camera.

3
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: I ,!!;:t" ;I

v .-:r '') _..:,.cm :-_,_k._""-"_ ,
:/_c]t-,_],,_.r ',',fl,_,, '" :fPJ'o"r I

' = cer-sOr_c ,'C_

Side View ..r'_

.l"t..':lr_' / Sc'/!¢mdl"lc ,_/" _[ro_ .t)'(lole' dlh:, t C,:llrler(l

:ppuran_._'. Tile f!_el bed is nlo,nted itrside the

h_mlber parullel m the plane of ttze p_e.

0 il::lll al Irnaqe

Processing Systerr

Narrow-angle '._all-mounted thermopile-type
radiometers are used to determine the net emission

reaching the radiometer along its line-of-sight, which is

an important prediction of the radiation model. Two
types of radiometers were used: (I) a front-side

radiometer viewing a hole in the fuel bed. which

measures only the gas-phase contribution to the
outward radiative flux. and (2) a back-side radiometer

'hat viewing the same hole in the fuel bed, which

measures the inward gas-phase radiative heat tlux.
The standard fuel for fundamental thick-fuel

combustion experiments has been poly-

methylmethacrylate !PMMA) which has a thick-fuel

,Dread rate parameter ;'.o,C_,>(T,-T,,): of about 3.3 x
!_1w J:/m4s. This relatively large value leads to rather

4ow flame spread, e.g about 0.006 cm/sec in air at I

a;rn This is far too low to obser;e steady-state spread

!f it exists_ in short-duration drop-tower experiments.
What is needed is a thick fuel material for which

-..p.C_ jT,-T,:j: is ._mall enough that information might

be obtained in short-duration lag experiments that
,.<',uld aid in the design of !ater space experiments using

:,nore readily quantifiable fuels such as PMMA. For this
?ur?o_e. after evaluating numerous candidate materials.

_e _',a_e chosen _'ol._?henolic "barns '._hich have values

t :.o,C: ,,T.-T.-.F that are _* :o 3 ,_rders of magnitude
>:nailer "hun PMMA _cause of _he foams ha,,e much

.o_er :hermal conducti'.tt', ,'-,) and density _P0 than
EMMA. The pol._phemHic foams ..,,ere chosen primarily

"-<cause :he,. ha,.e io_.er :oaring tendency and

3egliglble melting cr _ripp_ng .tendency compared to
..:trier foams such as poi.vst,.rene or polyurethane. Of

course all foams contain trapped gas. however, the
density of the foams we employed is still at least 20

times that of air. so that even if all the trapped gas were
air, this air provides a negligible contribution to the

overall stoichiometry. The permeability of the foam

_l,,pic:.lllv l() '.n)_•, ,liCll :ll<ti :Vial :_,,_._, _llrough the

pqmu_ i;lcdi:.l .;:,illhC nc_lcctctl.
While ,,ml)iclcrln,_, ,.:c'_mbtl-,li,_ll ,I ;,',;.tlTi iriaterlals

has bct:n '.',,Icjclv ,tudied ',:1 ;l'll,-F,'_r I,', !('- Dxperlments,

.vc Jr.' qll.l'.V:.lre ,;t _t],,:' 'l-,C ,t ',.('rn', :,>r ;laming
;_qlliGU'J',_ql .t{ :lllmr, i_ra'.lt'.. ',"*",.' j'.E.,'3.,n,l,,I,,_2 IhLlt lhe

:ttrrcnt '1'_ ,)t []_ams {.; :_2qtl, it,...'.l _r'A'il.lr;iv h',, the

needed :,_m:.tX_lnize _, .md ',mn,ml.',-' "he 'lrne ,males ._o

:h_it Jr_p '._er e_perlment_ z,m be _'mr'i,,._cd

E__[_ertmenLt! :'t,ui:,

Figure 2 shows examples ,,l J{remt images o[

q_readin,, flames at 1<, and u,, From :hose images the

_:lfect of buoyancy can be _een. Figure 3 _hows

examples ,)t the progress of flame _pread tilame

position vs. time) at 1=,,and .u'z-._The slope of these plots

gives the spread rate: a straight line indicates a constant
spread rate and thus steady spread. From these tests, it

can be seen that that in Q-CO: atmospheres, steady

flame spread is possible over thick fuels at quiescent lag
conditions when gas-phase radiation effects are

significant. Figure 4 shows that. as was also seen in the
thin fuel tests t', for thick fuels the quiescent lag Sf can

be higher than its lg (downward) counterpart for COz-

diluted atmospheres but not N,-diluted atmospheres.

Figure 4 also shows that. as expected, the spread rate
increases with increasing Oz concentration. Figure 5

shows that a rather sharp transition in flame spread
behavior from S_ increasing rapidly with pressure to Sf

nearly independent of pressure is found at a pressure of
about 5 atm. While the cause of this transition is

uncertain, it might be due to a transition from radiation

dominated by optically-thin behavior to optically-thick
behavior. Moreover, the ug spread rate becomes less

dependent on thickness as thickness increases as shown

in Fig. 6. This sho_vs the approach :o a thick fuel

regime. The transition thickness is about 2 mm t'or the
case shown. Figure 7 shows that spread rate decreases

with fuel density for these pol.,.phenolic foams, at least
for large density, in a manner similar to that predicted

by Eq. 3 ,spread rate inversely proport,onal to density).
For small densities, it ",_,as found '.hat the rbam behaved

:n a ',er_ different beha,._or. ?rimar:iy due :o the
:brmadon of _tringy scet qructures not _no,.,,n _ that did

not occur :or higher dens:t,: fuels. From _he

interferometer ',mages shown in F!g. 'L it :an _ seen

that. as expected, the flame is :kicker at microgravity
:hun at earth gra_t>...ndicat_ng :hat 'he :lame at

microgra'.tty has mere ,.,'lume ._nd thus -an transfer
more radiation "o rue; _d.

4
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Fi_trre 2. hnage of flame spread over a thick solid fuel

hed at _tg. Width of fuel bed is 10 cm. Flame spreads
toward the bottom of the image. Bright band in the

h.wer part of the images is the flame front; upper

hright band is from the ignition source.
l<__Microgravity.

Fieure
hed at

image.

8

7

o,2.
c 5
0

o
0- 3
(1)
_2
[3
" 1

0

2. hnage of flame spread over a thick solid fitet
rig. Flame spreads toward the bottom of the

(h) Earth gravity.

..,,,.., :_, ,J----o---lg_'-,--,-

.e..e,-e''e''- I ----e---ug /
..O,,0"" ,.O

.41.,i -'O'''_

.i,4""
.O,.,O""

..O...O"
..O.-0"

Polyphenolic foam

0.0267 g/cm 3

40% O-60% CO 2

4 atm total pressure
I ! ! I 1 L [ | t | ! [ [ ! | | | I I

0.2 0.4 0.6 0.8

Time (sec)

I"i,,q.re 3. Position of spreading flame as a fi.rction of
tllllt'.

I0 "Polypher',olic foam /_ ,o

**,''"G' 0 0267 g/cm
---.. 4 atm total p_,,"'-"
E
u?.,

¢ _ Z'"'" --.-O--- lag, CO

-a I // .,,,#" -.--e--- I g, CQ

_¢° ,_, 6 /.'" _ ug, N" "
Q- /- .;" --i--lg, N
co _ o" 2

_J I J I I I I I I _ I _1 J _+t +t _ ttL_ _

20 25 30 35 40 45 50 55

Mole percent O
2

Figure 4. Effect of oxygen concentration on spread rates

over thick solid fuel beds at IJg and earth gravity.

; i i q l i t | i i i i i

7 Polyphenolic foam
5

0.0267 g/cm 3

.--+ , lo.6 / I--+-
0,4 I -°- lg

I I I I J I I I ., I I i , i i

0.2 0.4 0.6 0.8 1 3 5 7

Pressure (atm)

Figure 5. Effect of pressure on spread rate over thick
solid fuel beds at IJg and earth gravio'.

--e--lug, l-sided ----4P- Ig, l-sided JIug, 2-sided --I--- i g, 2-sided

_ a

-<3 1
0.8 \ / 0.0267 g/cm _

coEl"0.6 _ 40% 0 - 60% CO
4 atm total pressure :

0+4 ..+ , ,,I , , , _ .... I :

I 10
Thickness (mm)

Figure 6. Effect of fuel bed thickness on spread rate

over thick solid fuels bed at ltg and earth gravity.
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,L".'L',' ' 2%; 't :' ,/' "=.tt.'. _ ,it,,/ ,.It�It?H{\ ,Jtt ,[_I'([Uj r_ile over

•;';L ,: , :i,i ruel._ beds at .u_t clndearth ,_ravir)'.

F:,;,_tre ";. hnage of" lnterferometer from the side of the

"he- :ml :he upper black region represent the thick
-,'.ftm!e ,)r the flame. (a) ,14icrogravi D"

. .- .',,:,::e 4 [,r:e,',e,,,merer "rr,,, :ire. side of the
.., " • " : .,"?:" :: :: '..:L'.: ":';'.": , ntdl'ler that!

..... • .... - .... , L-., ..... ............ . ........... "L

- ...,: ......... n, radiative
C,'IJ.r.',_?CT_.:;C_ ,"t ..T ........,,,.,. -crcad :n O:-N: :n_x,,ures at lg,
O--N. :':',.:ures .t[ a._'. O--CO. mtxt,.:res at l,, and O.,-

CO: ::::',.:..r..',; at ac. These reSUI_s confirm our

h>p,,_:-c.c, :,,ncermng :adiat,'.e :ranst;cr as v,'cll as the

• :lildl¢. ,,I ,mr .tr'pr,a..zt_ :,_r :c.ltn'_' .:hc.,c ll:,'p_ihcsc_,

-l'hc .ml',, case '.,.here the hack-qdc radw, mcter ,,how',;

.ub,,1.mtLtl re'-;Dmse i,; :hr d_c _;: • CO: .ttrn_)sphcre at
u,: rhp_ _,, likcl',' hecau,_c ,,hi, ,.n IIl_ .:age is there

,UJ",',.Idtltla[ eml_,slorL ,.thsorptt_n llld _'_'-,dllliy;q|t'_n. _',hlch
• me ,,hi,, means It),_btain ,un.,tanttal :'adiat;'.c []ux :o

:no :x,,ckstde r:_diorn,ctcr ,): - ":..,tm._,pr, crcs do n,',t
,i',;_ ;hls hehavit;r .it .:ii. ,rod -'.on :,r f): - CO:

atmospheres _his is ,;con ,ml', .4 ag ,.,,here ,5 :slarger
tnd thus the total radiati,.e tlux _s greater This is

_ndeed .:onlirmed in Fig 9. '.',h_ch .:h,'_,.v_,_hat the peak

::tdiativc flux is greater .it u,_, ;hart _ ;,'_r both CO: and
N: atmospheres.
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Figure 9. Radiative flttr characteristics of flames

spreading over polyphenolic foam fuel. (d) 40%% 02
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2.5

Summary and Conclusions

Microgravity experiments on flame spread over

thermally thick fuels were conducted using foam fuels

to obtain low density and thermal conductivity, and
thus large spread rate (Sf) compared to dense fuels such

as PMMA. This scheme enabled meaningful results to
be obtained even in 2.2 second drop tower experiments.
It was found that, in contrast conventional

understanding, steady spread could occur over thick
fuels in quiescent microgravity environments,

especially when a radiatively active diluent gas such as
CO_, is employed. In some cases with CO., diluent the

spread rate was actually higher at tag than at lg despite

the absence of convection at lag, which without

radiative transfer is expected to preclude the possibility
of steady spread. This was shown to be due to radiative
transfer from the flame to the fuel surface. This

assertion is consistent with measurements of the

radiatively lluxes to and t'rom the fuel bed. This

conclusion was also supported by interfcrometer images

showing that the llames where much thicker at lag than

Ig, indicating that the lag l]amcs can radiate more heat
to the fuel bed even to the point of overwhelming the
conductive heat flux. Additionally, the transition from

thermally thick to thermally thin behavior with

decreasing bed thickness was demonstrated, at a typical
fuel bed thickness of 2 ram.

These results are relevant to studies of fire safety in

manned spacecraft, particularly the International Space
Station that uses CO__ fire extinguishers. CO, may not

be as effective as an extinguishing agent at

microgravity as it is at earth gravity in some conditions
because of the differences in spread mechanisms
between the two cases. In particular, the difference

between conduction-dominated heat transport to the

fuel bed at Ig vs. radiation-dominated heat transport at

lag indicates that radiatively-inert diluents such as
helium could be preferable in pg applications.
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